Use of cultured embryonic chicken osteoblasts as a model of cellular differentiation and bone mineralization.
When chicken embryonic progenitor cells were selected and grown in culture as previously described, by 30 days cellular differentiation could be demonstrated by expression of in vivo levels of osteocalcin, alkaline phosphatase (APase), type I collagen and phosphoproteins (PP). Ultrastructural analysis revealed that the cultures were similar morphologically to young osteoid in vivo with structural features including well-developed, orthogonally arranged collagen fibrils with 64-70 nm periodicity and electron opaque areas consisting of very poorly crystalline hydroxyapatite. Analysis of collagen synthesis versus collagen accumulation in the matrix indicated a temporal inconsistency between the time of synthesis and accumulation, suggesting that accumulation was largely controlled at the level of fibril formation. Analysis of PP accumulation demonstrated a 10-fold increase in total phosphoamino acid content over the 30 day time course. PP synthesis analyzed by [3H]-Ser(P) and [14C]-Thr(P) incorporation showed an induction similar to that seen for APase. Experiments undertaken to characterize the nature of PP synthesized by the cultures identified a unique 66 kD protein. This protein was purified from chick tibial and calvarial bone and a polyclonal antibody was raised in rabbits. Ultrastructural immunocytochemistry using this antibody and the protein A-gold technique revealed specific immunolabelling over regions of mineralizing matrix in vitro, a reaction identical to that observed for the distribution of this 66 kD PP in vivo during embryonic tibial bone development in the chicken.